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Frpshwlwlrq/ Frqvxphu Zhoiduh dqg
Prqrsro| Srzhu
Grqdog M1 Eurzq|dqg J1D1 Zrrg}
Uhylvhg= Dxjxvw 5337
Pd| 5337

Devwudfw
Dq dssolhg jhqhudo htxloleulxp dqdo|vlv ri prqrsro| srzhu lv sursrvhg dv
dq dowhuqdwlyh wr wkh sduwldo htxloleulxp dqdo|vhv ri prqrsro| sulflqj fxuuhqw
lq dqwlwuxvw hfrqrplfv1 Wklv dqdo|vlv lqwurgxfhv d qhz qrwlrq ri pdunhw htxl0
oleulxp zkhuh upv zlwk prqrsro| srzhu duh frvw0plqlpl}lqj sulfh0wdnhuv lq
frpshwlwlyh idfwru pdunhwv dqg pdnh vxsudfrpshwlwlyh surwv lq htxloleulxp/
l1h1/ wkh prqrsro| sulfh h{fhhgv wkh pdujlqdo frvw ri surgxfwlrq1
Zh dvxph wkdw wkh sulpdu| jrdov ri dqwlwuxvw srolf| duh wkh surprwlrq
ri frpshwlwlrq dqg wkh hqkdqfhphqw ri frqvxphu zhoiduh1 Wr wkdw hqg/ zh
xvh Gheuhx*v frh!flhqw ri uhvrxufh xwlol}dwlrq wr ghwhuplqh wkh frxqwhuidfwxdo
frpshwlwlyh sulfh ohyhov lq prqrsrol}hg pdunhwv dqg wkhq lpsxwh wkh hfrqrplf
frvwv ri prqrsrol}dwlrq1
Nh|zrugv= Prqrsro| srzhu/ Dqwlwuxvw hfrqrplfv/ Dssolhg jhqhudo htxloleulxp
dqdo|vlv
MHO Fodvvlfdwlrq= G75/ G8;/ G94/ O45/ O74

 Wklv lv d uhylvlrq ri FIGS 47991
| Ghsduwphqw ri Hfrqrplfv/ \doh Xqlyhuvlw|
} J1D1 Zrrg dqg Dvvrfldwhv
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Lqwurgxfwlrq

Dssolhg jhqhudo htxloleulxp prghov duh qxphulfdo/ hpslulfdoo| edvhg DuurzGheuhx
prghov zkhuh upv duh surw0pd{lpl}lqj sulfh0wdnhuv lq erwk wkh surgxfw dqg idfwru
pdunhwv1 Dv lv qrz zhoo nqrzq  vhh Fruqzdoo +4<::,/ Erkp +4<<7, dqg pruh
uhfhqwo| Glhunhu dqg Jurgdo +4<<;,  wkh DuurzGheuhx jhqhudo htxloleulxp prgho/
zlwk lwv lqghwhuplqdwh devroxwh sulfh ohyho/ fdqqrw dffrpprgdwh sulfh0vhwwlqj/ surw0
pd{lpl}lqj upv1
Dv d uhvxow/ wkh sduwldo htxloleulxp dqdo|vlv ri prqrsro| sulflqj/ fxuuhqw lq dq0
wlwuxvw hfrqrplfv/ fdqqrw eh h{whqghg wr wkh DuurzGheuhx prgho1 Rxu dqdo|0
vlv ghulyhv iurp wkh vxewoh exw lpsruwdqw glvwlqfwlrq ehwzhhq sulfh0vhwwlqj surw0
pd{lpl}dwlrq dqg prqrsro| srzhu/ l1h1/ wkh srzhu wr udlvh sulfh deryh wkh frp0
shwlwlyh ohyho dqg pdnh vxsudfrpshwlwlyh surwv1 Erwk RSHF dqg Plfurvriw kdyh
prqrsro| srzhu xqghu wklv ghqlwlrq dqg lw vhhpv uhdvrqdeoh wr dvvxph wkdw erwk
dwwhpsw wr surgxfh rxwsxw dw plqlpxp frvw1 Exw qhlwkhu RSHF qru Plfurvriw ds0
shdu wr eh vhwwlqj sulfhv wr pd{lpl}h prqrsro| surwv1
Wkh h{lvwhqfh ri prqrsro| srzhu lv rqh ri wkh wzr hvvhqwldo hohphqwv ri wkh Julq0
qho whvw/ d whvw wkdw lv dssolhg lq doo vhfwlrq 5 fdvhv ri wkh Vkhupdq Dfw  vhh wkh
ghyhorsphqw ri vhfwlrq 5 grfwulqh lq K|owrq +5336,1 Wr h{whqg wkh dssolhg jhqhudo
htxloleulxp sdudgljp wr hqfrpsdvv wkh h{lvwhqfh ri prqrsro| srzhu/ zh lqwurgxfh
d qhz qrwlrq ri pdunhw htxloleulxp1 Lq wklv htxloleulxp/ upv zlwk prqrsro| srzhu
duh frvw0plqlpl}lqj sulfh0wdnhuv lq frpshwlwlyh idfwru pdunhwv dqg pdnh vxsudfrp0
shwlwlyh surwv/ l1h1/ wkh prqrsro| sulfh h{fhhgv wkh pdujlqdo frvw ri surgxfwlrq1
Wkh hpslulfdo vshflfdwlrq ri wkhvh frvw0plqlpl}lqj pdunhw htxloleuld lv suh0
vhqwhg dv d idplo| ri pxowlyduldwh sro|qrpldo lqhtxdolwlhv/ zlwk pdunhw gdwd dv sd0
udphwhuv/ zkhuh wkh xqnqrzqv duh wkh pdujlqdo frvwv ri surgxfhuv/ wkh xwlolw| ohyhov
ri frqvxphuv dqg wkh pdujlqdo xwlolwlhv ri lqfrph ri frqvxphuv1 Li wkhvh lqhtxdolwlhv
kdyh d vroxwlrq wkhq zh fdq frqvwuxfw xwlolw| ixqfwlrqv dqg surgxfwlrq ru frvw ixqf0
wlrqv vxfk wkdw lq hdfk revhuydwlrq wkh pdunhw gdwd lv frqvlvwhqw zlwk wkh qrwlrq ri
d frvw0plqlpl}lqj pdunhw htxloleulxp1 Lq jhqhudo/ wkh vroxwlrq lv qrw xqltxh/ jlylqj
ulvh wr d udqjh ri prgho rxwfrphv1 Dovr wkhuh pd| eh qr vroxwlrq/ l1h1/ rxu prgho lv
uhixwhg e| wkh gdwd1
Li wkhuh duh vroxwlrqv wkhq wkh| lpso| erxqgv rq wkh Ohuqhu lqgh{/ d vwdqgdug
sur{| lq dqwlwuxvw hfrqrplfv iru phdvxulqj prqrsro| srzhu1 K|owrq +5336, dvvhuwv
wkdw phdvxulqj prqrsro| srzhu zlwk wkh Ohuqhu lqgh{ ryhuvwdwhv wkh prqrsro| vxu0
fkdujh dqg wkdw wkh fruuhfw sulfh0frvw pdujlq lv wkh glhuhqfh ehwzhhq wkh revhuyhg
prqrsro| sulfh dqg wkh +xqrevhuyhg/ frxqwhuidfwxdo, frpshwlwlyh sulfh ohyho1
Zh dvvxph wkdw wkh sulpdu| jrdov ri dqwlwuxvw srolf| duh wkh surprwlrq ri frp0
shwlwlrq dqg wkh hqkdqfhphqw ri frqvxphu zhoiduh1 Wr wkdw hqg zh xvh Gheuhx*v
frh!flhqw ri uhvrxufh xwlol}dwlrq dqg wkh vroxwlrqv ri wkh htxloleulxp lqhtxdolwlhv wr
erxqg wkh xqrevhuyhg frxqwhuidfwxdo frpshwlwlyh sulfh ohyhov lq prqrsrol}hg pdunhwv/
dqg wkhq lpsxwh xsshu dqg orzhu erxqgv rq wkh hfrqrplf frvwv ri prqrsrol}dwlrq1
5

Wklv sdshu lv glylghg lqwr vhyhudo vhfwlrqv1 Lq wkh qh{w vhfwlrq/ zh glvfxvv rxu
prgho lq wkh frqwh{w ri dssolhg jhqhudo htxloleulxp dqdo|vlv1 Wkh idplo| ri pxo0
wlyduldwh sro|qrpldo lqhtxdolwlhv fkdudfwhul}lqj wkh hpslulfdo lpsolfdwlrqv ri frvw0
plqlpl}lqj pdunhw htxloleuld duh suhvhqwhg lq wkh wklug vhfwlrq1 Wkh irxuwk vhfwlrq ri
wkh sdshu lv ghyrwhg wr ghulylqj wkh frxqwhuidfwxdo frpshwlwlyh rxwfrphv lq prqrs0
rol}hg pdunhwv dqg frpsxwlqj wkh dvvrfldwhg hfrqrplf frvwv ri prqrsrol}dwlrq iurp
wkh htxloleulxp lqhtxdolwlhv dqg Gheuhx*v frh!flhqw ri uhvrxufh xwlol}dwlrq1 Wkh qdo
vhfwlrq lv d eulhi glvfxvvlrq1
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Dssolhg Jhqhudo Htxloleulxp Dqdo|vlv

Vfdui +4<9:, sxeolvkhg d odqgpdun sdshu rq frpsxwlqj dssur{lpdwh {hg srlqwv ri
d frqwlqxrxv pdsslqj ri d frpsdfw/ frqyh{ vxevhw ri Uq lqwr lwvhoi1 Lq 4<:6/ kh
sxeolvkhg d prqrjudsk rq frpsxwlqj htxloleuld lq wkh DuurzGheuhx prgho ri d
ghfhqwudol}hg pdunhw hfrqrp|1 Lq wkh ghfdgh iroorzlqj wkh sxeolfdwlrq ri Vfdui*v
prqrjudsk/ Vkryhq dqg Zkdooh|/ vwxghqwv ri Vfdui zurwh d qxpehu ri sdshuv dsso|0
lqj jhqhudo htxloleulxp wkhru| wr srolf| hydoxdwlrqv lq wkh hogv ri sxeolf qdqfh/
lqwhuqdwlrqdo wudgh/ ghyhorsphqw hfrqrplfv dqg hqhuj| hfrqrplfv1
Dssolhg jhqhudo htxloleulxp dqdo|vlv  vhh Vkryhq dqg Zkdooh| +4<<5,  xvhv
qxphulfdo/ hpslulfdoo|0edvhg jhqhudo htxloleulxp prghov zkhuh uhdo pdunhw gdwd lv
xvhg wr vshfli| wkh sdudphwhuv ri surgxfwlrq dqg ghpdqg ixqfwlrqv lq dq Duurz
Gheuhx prgho1 Wklv prgho lv vroyhg/ xvlqj Vfdui*v dojrulwkp ru rqh ri lwv pdq|
yduldqwv/ iru glhuhqw ydoxhv ri srolf| yduldeohv vxfk dv wd{hv dqg txrwdv1 Wkhvh
frxqwhuidfwxdo htxloleuld duh wkhq xvhg wr hydoxdwh wkh zhoiduh lpsolfdwlrqv ri frqfuhwh
srolf| dowhuqdwlyhv dqg dssudlvh wkh hhfwv ri srolf| rq wkh doorfdwlrq ri uhdo uhvrxufhv1
Wklv phwkrgrorj| kdv qrw ehhq vxffhvvixo lq hydoxdwlqj srolf| zkhuh upv duh
sulfh0vhwwlqj surw0pd{lpl}huv  vhh Jlqvexuj +4<<7, dqg Nohw}hu dqg Vulqlydvdq
+4<<7,1 Wkh idloxuh lv gxh wr wkh vr0fdoohg sulfh qrupdol}dwlrq sureohp1 Vlpso| sxw/
lq d prgho vxfk dv wkh DuurzGheuhx jhqhudo htxloleulxp prgho zkhuh wkh devroxwh
sulfh ohyho lv lqghwhuplqdwh/ surwv duh qrupdol}hg xvlqj rqh ri wkh frpprglwlhv dv
qxphudluh/ l1h1/ vrph sulfh qrupdol}dwlrq uxoh lv dssolhg1 Exw wkh uhvxowlqj surw
ixqfwlrqv iru glhuhqw sulfh qrupdol}dwlrqv duh qrw prqrwrqh wudqvirupdwlrqv ri hdfk
rwkhu1 Khqfh/ lq hhfw/ hdfk sulfh qrupdol}dwlrq jlyhv ulvh wr d glhuhqw remhfwlyh
ri wkh up dqg wkhuhiruh glhuhqw rswlpdo ehkdylru1 Frqvhtxhqwo|/ wkh zhoiduh ri
frqvxphuv zlwk htxlw| lq wkh prqrsro| upv ghshqgv rq wkh duelwudu| fkrlfh ri
qxphudluh1 Lqwhuhvwhg uhdghuv vkrxog vhh irrwqrwh 4 lq Glhunhu dqg Jurgdo +4<<;,
wr glvsho wkh eholhi +krsh, wkdw wkh sulfh qrupdol}dwlrq sureohp fdq eh vroyhg e|
lqwurgxflqj dw prqh| lqwr wkh DuurzGheuhx prgho1
Glhunhu hw do1 +4<;8, h{whqghg wkh DuurzGheuhx jhqhudo htxloleulxp prgho ri d
ghfhqwudol}hg pdunhw hfrqrp| wr doorz iru vrph sulfh0vhwwlqj upv1 Wkhvh upv wdnh
wkh rxwsxw ohyhov ri wkhlu surgxfwv dv zhoo dv wkh sulfhv iru idfwruv dv jlyhq/ plqlpl}h
wkh frvwv ri surgxfwlrq/ dqg vhw sulfhv ri wkhlu surgxfwv dffruglqj wr vrph vshflf
6

sulflqj uxoh1 Frpshwlwlyh upv xvh wkh pdujlqdo frvw sulflqj uxoh/ exw wkhlu prgho
doorzv iru d zlgh ydulhw| ri sulflqj uxohv iru rwkhu upv vxfk dv dyhudjh frvw sulflqj
ru pdun0xs ryhu frvw sulflqj1 Lw lv lpsruwdqw wr qrwh wkdw wkh whfkqlfdo dvvxpswlrqv
wkh| lpsrvh rq wkhlu sulflqj uxohv wr jxdudqwhh h{lvwhqfh ri dq htxloleulxp h{solflwo|
uxoh rxw prqrsro| sulflqj dv ghvfulehg lq dqwlwuxvw hfrqrplfv1 Khqfh wkh sulfh qru0
pdol}dwlrq sureohp lv gxh wr wkh frqmxqfwlrq ri sulfh0vhwwlqj dqg surw pd{lpl}dwlrq1
Wkh Julqqho whvw iru vhfwlrq 5 fdvhv ri wkh Vkhupdq Dfw kdv wzr hohphqwv1 Wkh uvw
hohphqw uhtxluhv surri wkdw prqrsro| srzhu h{lvwv/ h1j1/ wkh prqrsro| sulfh h{fhhgv
wkh pdujlqdo frvw ri surgxfwlrq1 Wkh whvw grhv qrw uhtxluh surri ri sulfh0vhwwlqj/ surw
pd{lpl}lqj ehkdylru rq wkh sduw ri wkh prqrsrolvw1 Wkh odwwhu ehkdylru lv d vx!flhqw
exw qrw d qhfhvvdu| frqglwlrq iru wkh h{lvwhqfh ri prqrsro| srzhu1 Frqvhtxhqwo| zh
sursrvh d qrwlrq ri pdunhw htxloleulxp frqvlvwhqw zlwk wkh uvw hohphqw ri wkh Julqqho
whvw1 Wkdw lv/ upv zlwk prqrsro| srzhu duh dvvxphg wr eh frvw0plqlpl}lqj sulfh0
wdnhuv lq frpshwlwlyh idfwru pdunhwv/ pdnh vxsudfrpshwlwlyh surwv lq htxloleulxp/
l1h1/ wkh prqrsro| sulfh h{fhhgv wkh pdujlqdo frvw ri surgxfwlrq/ exw zh gr qrw
dvvxph wkdw wkh| duh surw0pd{lpl}lqj sulfh0vhwwhuv lq wkhlu surgxfw pdunhwv1
Zh irupxodwh rxu jhqhudo htxloleulxp prgho iroorzlqj Vkryhq dqg Zkdooh| +4<<5,
 vhh Vhfwlrqv 615 dqg 615 dqg/ lq sduwlfxodu/ Fkdswhu 9 rq Kduehujhu*v wzr0vhfwru
jhqhudo htxloleulxp dqdo|vlv ri fdslwdo wd{dwlrq1 Wkhuh duh P frqvxphuv/ Q frp0
prglwlhv/ dqg wzr idfwruv ri surgxfwlrq +fdslwdo dqg oderu,1 Frqvxphuv kdyh vprrwk/
frqfdyh prqrwrqh xwlolw| ixqfwlrqv dqg hqgrzphqwv ri fdslwdo dqg oderu dqg vkduh0
kroglqjv lq upv1 Wkh| pd{lpl}h xwlolw| vxemhfw wr wkhlu exgjhw frqvwudlqwv dqg duh
sulfh0wdnhuv lq wkh surgxfw dqg idfwru pdunhwv1 Wkhuh duh Q upv/ hdfk up sur0
gxfhv d vlqjoh rxwsxw zlwk d vprrwk/ prqrwrqh dqg vwulfwo| txdvlfrqfdyh surgxfwlrq
ixqfwlrq1 Frpshwlwlyh upv pd{lpl}h surwv dqg duh sulfh0wdnhuv lq wkh surgxfw
dqg frpshwlwlyh idfwru pdunhwv1 Wkh| surgxfh dw plqlpxp frvw dqg sulfh rxwsxw
dw pdujlqdo frvw1 Ilupv zlwk prqrsro| srzhu kdyh xqvshflhg sulfh0vhwwlqj uxohv
iru rxwsxw/ exw duh dvvxphg wr eh frvw0plqlpl}lqj sulfh0wdnhuv lq frpshwlwlyh idfwru
pdunhwv1 Lq htxloleulxp wkh| pdnh vxsudfrpshwlwlyh surwv/ l1h1/ wkh prqrsro| sulfh
h{fhhgv wkh pdujlqdo frvw ri surgxfwlrq1 Lq htxloleulxp doo pdunhwv fohdu1
Zh qrz jlyh d irupdo ghqlwlrq ri d frvw plqlpl}lqj pdunhw htxloleulxp lq wkh
wzr0vhfwru jhqhudo htxloleulxp prgho1 Wklv prgho kdv wzr jrrgv/ wzr idfwruv/ wzr
upv dqg wzr w|shv ri frqvxphuv1 Wklv prgho lv zlgho| xvhg lq wkh dssolhg hogv ri
lqwhuqdwlrqdo wudgh dqg wd{dwlrq zkhuh wkh irfxv lv rq jhqhudo htxloleulxp frpsdud0
wlyh vwdwlfv iru srolf| hydoxdwlrq1 Dovr wkh gdwd dydlodeoh vxfk dv qdwlrqdo dffrxqwv
dqg lqsxw0rxwsxw gdwd duh hdvlo| dffrpprgdwhg lq d wzr0vhfwru prgho1 Iru uhdghuv
xqidploldu zlwk wkh surshuwlhv ri wkh wzr0vhfwru prgho/ zh uhfrpphqg wkh prqr0
judsk ri Vkryhq dqg Zkdooh| +4<<5,1 Khuh zh iroorz wkh qrwdwlrq lq Eurzq dqg Khdo
+4<;6,1
 Wkh rxwsxwv ru jrrgv duh
Wkh lqsxwv ru idfwruv duh fdslwdo EN dqg oderu EO1
qdwxudo jdv EJ dqg hohfwulflw| EH1 Hdfk krxvhkrog kdv d xwlolw| ixqfwlrq ghqrwhg
X{ dqg X| 1 Hqgrzphqwv dqg vkduhkroglqjv lq upv duh jlyhq e| EN{ > O{ / EN| > O| >
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E [J > [H / E\ J > \ H 1 Hdfk up kdv d surgxfwlrq ixqfwlrq/ IJ dqg IH / ru htxlyd0
ohqwo|/ frvw ixqfwlrqv FJ dqg FH 1 Ohw N ' N{ n N| dqg O ' O{ n O| 1
Zh pdnh wkh vdph dvvxpswlrqv uhjduglqj upv dqg krxvhkrogv dv Edwru +4<8:,/
zlwk rqh h{fhswlrq= zh gr qrw dvvxph frqvwdqw uhwxuqv wr vfdoh lq erwk upv/ exw
upv duh dvvxphg wr h{klelw glplqlvklqj pdujlqdo udwh ri vxevwlwxwlrq dorqj dq|
lvrtxdqw/ wkdw lv/ wkh surgxfwlrq ixqfwlrqv duh vwulfwo| txdvl0frqfdyh1 Xqghu wkhvh
dvvxpswlrqv/ zh frqvwuxfw wkh HgjhzruwkErzoh| er{ iru surgxfwlrq dqg wkh vrfldo
surgxfwlrq srvvlelolw| iurqwlhu/ SSI1
Ohw SJ dqg SH ghqrwh wkh sulfhv ri qdwxudo jdv dqg hohfwulflw|/ dqg z dqg u ghqrwh
wkh sulfhv ri oderu dqg fdslwdo1 Wkh pdujlqdo udwh ri wudqvirupdwlrq +PUW, dw d srlqw
 H
 rq wkh SSI lv vlpso| wkh devroxwh ydoxh ri wkh vorsh ri wkh iurqwlhu dw wkdw
EJ>
 H
 lv vdlg wr eh surgxfwlrq h!flhqw li
srlqw dqg zloo eh ghqrwhg SH @SJ 1 D srlqw EJ>
lw olhv rq wkh SSI1
 H
 rq wkh SSI ghwhuplqhv d xqltxh srlqw lq wkh Hgjhzruwk
Hdfk srlqw EJ>
Erzoh| er{ iru surgxfwlrq/ wkdw lv/ wkh srlqw rq wkh h!flhqf| orfxv fruuhvsrqglqj
 dqg IJ EOJ > NJ  ' J1

wr wkh wdqjhqf| ri wkh lvrtxdqwv ghqhg e| IH EOH > NH  ' H
Wkh vorsh ri wkhlu frpprq wdqjhqw olqh dw wklv srlqw zloo eh ghqrwhg dv z@u dqg lv
wkh pdujlqdo udwh ri whfkqlfdo vxevwlwxwlrq +PUWV, dw wklv srlqw1
 H
 lv wkh udwlr ri wkh pdujlqdo
Zh vkdoo xvh uhshdwhgo| wkdw wkh PUW dw d srlqw EJ>


frvwv> wkdw lv SH @SJ ' dCFH Ez@u> H@CHo@dCF
J Ez@u> J@CJo1
D frqvxphu*v ghpdqg iru jrrgv ghulyhv iurp xwlolw| pd{lpl}dwlrq vxemhfw wr khu
exgjhw frqvwudlqw=
SH
CXl @CHl
'
+4,
CXl @CJl
SJ
SH Hl n SJ Jl ' Ll ' zOl n uNl n  lJ ESJ J  zOJ  uNJ 
n lH ESH H  zOH  uNH / iru l ' {> |=

+5,

D up*v ghpdqg iru idfwruv ghulyhv iurp frvw plqlpl}dwlrq vxemhfw wr lwv rxwsxw
frqvwudlqw=
CIm @COm
z
'
+6,
CIm @CNm
u
Im EOm > Nm  ' m/ iru m ' H> J=

+7,

D frvw plqlpl}lqj htxloleulxp lv ghqhg dv d vhw ri uhodwlyh sulfhv SH @z/ SJ @z dqg
u@z> frqvxphu*v ghpdqgv iru jrrgv H{ / J{ dqg H| / J| > up*v ghpdqgv iru idfwruv
OH / NH dqg OJ / NJ > dqg rxwsxw ohyhov H dqg J vxfk wkdw upv pdnh qrqqhjdwlyh
surwv dqg doo pdunhwv fohdu1 Wkdw lv/
Surgxfw Pdunhwv=
H{ n H| ' H
+8,
J{ n J| ' J

8

+9,

Idfwru Pdunhwv=

OH n NJ ' O

+:,

NH n NJ ' N

+;,

dqg upv pdnh qrqqhjdwlyh surwv=
SH H  zOH n uNH

+<,

SJ J  zOJ n uNJ =

+43,

Ehfdxvh ri Zdoudv* Odz/ htxdwlrq +;, lv uhgxqgdqw1 Wklv prgho lv lqghwhuplqdwh
lq wkh vhqvh wkdw wkhuh duh ihzhu htxdwlrqv +44, wkdq xqnqrzqv +46,1 Ghvslwh wkh
lqghwhuplqdf|/ wklv v|vwhp ri htxdwlrqv dqg lqhtxdolwlhv lpso| d idplo| ri htxloleulxp
lqhtxdolwlhv iru d klvwru| ri revhuydwlrqv rq pdunhw gdwd wkdw doorzv xv wr hpslulfdoo|
lqihu wkh h{lvwhqfh ri prqrsro| srzhu1

6

Hpslulfdo Lpsolfdwlrqv ri Frvw0Plqlpl}lqj
Pdunhw Htxloleuld

Eurzq dqg Pdw}nlq +4<<9, lqwurgxfhg wkh Zdoudvldq htxloleulxp lqhtxdolwlhv dv d
phdqv ri whvwlqj wkh Zdoudvldq prgho ri d frpshwlwlyh hfrqrp| zlwk pdunhw gdwd1
Khuh zh sursrvh dq dqdorjrxv idplo| ri sro|qrpldo lqhtxdolwlhv wkdw fkdudfwhul}h d
klvwru| ri frvw plqlpl}lqj pdunhw htxloleuld lq dq hfrqrp| zlwk frpshwlwlyh idfwru
pdunhwv1 Wkh htxloleulxp lqhtxdolwlhv frqvlvwv ri= wkh Diuldw lqhtxdolwlhv iru hdfk
frqvxphu> khu exgjhw frqvwudlqw lq hdfk revhuydwlrq> Yduldq*v frvw plqlpl}lqj lq0
htxdolwlhv iru hdfk up> wkh pdunhw fohdulqj frqglwlrqv iru wkh jrrgv dqg idfwru pdu0
nhwv lq hdfk revhuydwlrq> dqg wkh qrqqhjdwlyh surw frqglwlrqv iru hdfk up lq hdfk
revhuydwlrq1 D qxphulfdo h{dpsoh iru wkh wzr0vhfwru prgho lv jlyhq lq Dsshqgl{ H
ri Eurzq dqg Zrrg +5337,1
Wkh Diuldw lqhtxdolwlhv frqvlvw ri d qlwh qxpehu ri sro|qrpldo lqhtxdolwlhv gh0
ulyhg iurp d qlwh qxpehu ri revhuydwlrqv rq d frqvxphu*v ghpdqgv= { > {2 > ===> {q dw
pdunhw sulfhv= s > s2 > ===> sq 1 Iru hdfk sdlu ri revhuydwlrqv/ l dqg m/ wkhuh lv d sdlu ri
lqhtxdolwlhv
Yl  Ym n m sm  E{l  {m  dqg
Ym  Yl n l sl  E{m  {l >
zkhuh Yl lv wkh xwlolw| ohyho dqg l lv wkh pdujlqdo xwlolw| ri lqfrph lq revhuydwlrq l1
D xwlolw| ixqfwlrq X lv vdlg wr udwlrqdol}h wkh gdwd iEs > { > ===> Esq > {q j li iru doo l/
X E{l   X E{ iru doo { vxfk wkdw sl  {  sl  {l 1 Diuldw*v fhoheudwhg wkhruhp lv wkdw
wkh gdwd lv udwlrqdol}hg e| d frqfdyh/ prqrwrqlf dqg frqwlqxrxv xwlolw| ixqfwlrq X
li dqg rqo| li wkh Diuldw lqhtxdolwlhv duh vroydeoh1 Pruhryhu/ d udwlrqdol}lqj X fdq
9

eh frqvwuxfwhg iurp hdfk vroxwlrq ri wkh Diuldw lqhtxdolwlhv1 Vhh Diuldw +4<9:, dqg
Yduldq +4<;5, iru ixuwkhu glvfxvvlrq1
Yduldq*v frvw plqlpl}lqj lqhtxdolwlhv frqvlvw ri d qlwh qxpehu ri sro|qrpldo lq0
htxdolwlhv ghulyhg iurp d qlwh qxpehu ri revhuydwlrqv rq d up*v rxwsxwv= i > i2 > ===> iq >
idfwru ghpdqgv= | > |2 > ===> |q > dqg idfwru sulfhv= t > t2 > ===> tq 1 Iru hdfk sdlu ri revhu0
ydwlrqv/ l dqg m/ wkhuh lv d sdlu ri lqhtxdolwlhv=
il  im n  m tm  E|l  |m  dqg
im  il n  l tl  E|m  |l >
zkhuh  l lv wkh uhflsurfdo ri wkh pdujlqdo frvw lq revhuydwlrq l1 D surgxfwlrq ixqf0
wlrq i lv vdlg wr udwlrqdol}h wkh gdwd li iru doo l/ i E|l  ' il dqg i E|  i E|l  lpsolhv
tll  |  tll  | l 1 Wkdw lv/ |l plqlpl}hv wkh frvw ryhu doo exqgohv ri idfwruv wkdw fdq sur0
gxfh dw ohdvw il 1 Yduldq +4<;7, suryhv wkh lpsruwdqw uhvxow wkdw wkh frvw plqlpl}lqj
lqhtxdolwlhv duh vroydeoh li dqg rqo| li wkhuh h{lvwv d frqwlqxrxv prqrwrqlf txdvlfrq0
fdyh/ l1h1/ glplqlvklqj pdujlqdo udwh ri vxevwlwxwlrq dorqj dq| lvrtxdqw/ ixqfwlrq wkdw
udwlrqdol}hv wkh gdwd1
Xvlqj wkh htxloleulxp lqhtxdolwlhv/ zh fdq jlyh qrqsdudphwulf hvwlpdwhv ri wkh
Ohuqhu lqgh{ ri d up plqlpl}lqj wkh frvw ri surgxfwlrq lq d prgho zkhuh doo upv duh
sulfh0wdnhuv lq frpshwlwlyh idfwru pdunhwv1 Lw vx!fhv wr frqvlghu wkh up surgxflqj
hohfwulflw| lq wkh wzr0vhfwru jhqhudo htxloleulxp prgho1 Vxssrvh wklv up lv doohjhg
wr kdyh dexvhg lwv pdunhw srzhu lq wkh suhylrxv |hdu  wklqn ri Fdoliruqld ehiruh
wkh uhfdoo hohfwlrq ri Jud| Gdylv1 Gxulqj wkh |hdu zh revhuyh wkdw rq wkuhh rffdvlrqv
wkh up surgxfhg glhuhqw rxwsxwv dw wkh suhydlolqj pdunhw sulfhv1 Zh revhuyh
wkh rxwsxwv/ idfwru ghpdqgv/ dqg idfwru sulfhv rq hdfk rffdvlrq1 Zh gr qrw nqrz
wkh up*v frvw ru surgxfwlrq ixqfwlrq/ exw li wkh up lv surgxflqj lwv rxwsxw dw
plqlpxp frvwv lq frpshwlwlyh idfwru pdunhwv/ wkhq wkh iroorzlqj jxuh pxvw krog iru
wkh xqrevhuyhg lvrtxdqwv ri wkh surgxfwlrq ixqfwlrq1

:

FE ( K E , LE ) = FE1
LE

α1

α2

FE ( K E , LE ) = FE2

r1 / w1

r2 / w2
FE ( K E , LE ) = FE3

α3

r3 / w3

KE

Iljxuh 4
Zh kdyh wkuhh lvrtxdqwv zkhuh IH A IH2 A IH 1 Wkh vorshv ru idfwru sulfh udwlrv
duh= u @z / u2 @z2 / dqg u @z 1 Wkh idfwru ghpdqgv duh= ENH > OH / ENH2 > O2H / dqg
ENH > OH / ghqrwhg  / 2 / dqg  lq wkh jxuh1
Xvlqj Yduldq*v frvw plqlpl}lqj lqhtxdolwlhv/ zh kdyh=
IH ? IH2 n 2 dEz2 OH n u2 NH   Ez2 O2H n u2 NH2 o

+44,

IH ? IH2 n 2 dEz2 OH n u2 NH   Ez2 O2H n u2 NH2 o

+45,

zkhuh 2 lv wkh uhflsurfdo ri wkh pdujlqdo frvw/ PFH2 / ri surgxflqj IH2 1 Vroylqj iru
PFH2 / zh rewdlq=
PFH2 A

Ez2 O2H n u2 NH2   Ez2 OH n u2 NH 
2
 E4?
IH2  IH

+46,

PFH2 ?

Ez2 OH n u2 NH   Ez2 O2H n u2 NH2 
2
 E4@
IH  IH2

+47,

Wkh uljkw0kdqg vlgh ri +46, pd| eh qhjdwlyh/ dv vhhq lq wkh qh{w jxuh/ dqg khqfh
xqlqirupdwlyh1 Wkhvh erxqgv lpso| erxqgv rq wkh Ohuqhu lqgh{= EPF  S @S 1

;

LE

α3

α2

FE2

FE3

KE

Iljxuh 5

7

Wkh Hfrqrplf Frvwv ri Prqrsrol}dwlrq

Lq 4<84/ Gheuhx sxeolvkhg klv fodvvlf dqdo|vlv ri wkh hfrqrplf orvv dvvrfldwhg zlwk
qrqrswlpdo hfrqrplf vwdwhv +lq wkh vhqvh ri Sduhwr,1 Kh lghqwlhg wkuhh nlqgv ri
lqh!flhqflhv lq hfrqrplf v|vwhpv/ rqo| rqh qhhg frqfhuq xv khuh= lpshuihfwlrq
ri hfrqrplf rujdql}dwlrq vxfk dv prqrsrolhv ru lqgluhfw wd{dwlrq ru d v|vwhp ri
wdulv1 Wr phdvxuh wkh hfrqrplf orvv/ kh srvhg d frvw plqlpl}dwlrq sureohp gxdo
wr Sduhwr*v pd{lpl}dwlrq ri vrfldo zhoiduh1 Wkdw lv/ jlyhq dq hfrqrplf vwdwh/ xvh wkh
frppxqlw| lqglhuhqfh fxuyh frqwdlqlqj wkdw vwdwh dv d frqvwudlqw dqg plqlpl}h wkh
iudfwlrq ri wrwdo hfrqrplf uhvrxufhv wkdw vxssruwv dq hfrqrplf vwdwh rq wkh jlyhq
frppxqlw| lqglhuhqfh fxuyh1 Wklv plqlpdo iudfwlrq  lv fdoohg wkh frh!flhqw ri
uhvrxufh xwlol}dwlrq1  wdnhv ydoxhv lq Ef> o dqg E   vrfldo hqgrzphqw lv d
phdvxuh ri wkh zdvwhg uhvrxufhv frqvwlwxwlqj wkh rssruwxqlw| frvw ri wkh lqh!flhqflhv
lq wkh ruljlqdo hfrqrplf vwdwh1 Lw lv hdv| wr vkrz wkdw wklv qhz hfrqrplf vwdwh lv
Sduhwr rswlpdo uhodwlyh wr wkh qhz +uhgxfhg, vrfldo hqgrzphqw1 Khqfh lw iroorzv
iurp wkh vhfrqg zhoiduh wkhruhp wkdw wkh qhz vwdwh fdq eh uhdol}hg dv d frpshwlwlyh
htxloleulxp zlwk oxps vxp wudqvihuv1 Wkh wuxh phdvxuh ri prqrsro| srzhu lv wkh
pdujlq ehwzhhq wkh prqrsro| sulfh dqg wkh frxqwhuidfwxdo frpshwlwlyh sulfh lq wkh
qhz htxloleulxp vwdwh1
Zh looxvwudwh wkh frpsxwdwlrq ri  zlwk wkh wzr0vhfwru prgho1 Vxssrvh wkh jlyhq
hfrqrplf vwdwh ri wkh prgho lv d frvw plqlpl}lqj pdunhw htxloleulxp zkhuh SH @SJ 9'
PFH @PFJ 1 Dv vkrzq lq Edwru +4<8:, wklv ylrodwhv rqh ri wkh qhfhvvdu| frqglwlrqv
iru Sduhwr rswlpdolw| lq wkh wzr0vhfwru prgho1
{ > J
 {  dqg krxvhkrog | frqvxphv
Vxssrvh lq htxloleulxp krxvhkrog { frqvxphv EH
| > J
 | 1  lv wkh plqlpxp  ehwzhhq 3 dqg 4 zkhuh wkh jlyhq wzr0vhfwru prgho
EH
<

zlwk uhgxfhg vrfldo hqgrzphqwv N dqg O fdq surgxfh vx!flhqw hohfwulflw| H7 dqg
7 vxfk wkdw=
qdwxudo jdv J
7 {   X{ EH{ > J
 {
X{ EH7{ > J
+48,
7 |   X| EH| > J
|
X| EH7| > J
+49,
7| ' H7
H7{ n H
7{ n J
7| ' J
7
J

+4:,

7H > N
7H
H7 ' IH EO
7 ' IJ EO
7 J> N
7 J
J

+4<,

7H n O
7 J ' O
O
7 J ' N
7H n N
N

+54,

+4;,
+53,
+55,

Zh ghqrwh wkh Odjudqjh pxowlsolhuv iru frqvwudlqwv +54, dqg +55, lq wkh frqvwudlqhg
plqlpl}dwlrq sureohp ghqlqj  dv z7 dqg u71 Wkhvh vkdgrz sulfhv duh xvhg e|
Gheuhx wr jlyh dq lqwulqvlf ydoxdwlrq ri wkh hfrqrplf frvwv ri lqh!flhqf|1 Kh ghqhv
wkh rssruwxqlw| ru hfrqrplf frvw lq uhdo whupv dv wkh yhfwru kE  N> E  Ol dqg
wkh hfrqrplf orvv dv E  dzO
7 n u7No1
Lq sudfwlfh/  pxvw eh hvwlpdwhg iurp pdunhw gdwd1 Khuh zh xvh wkh htxloleulxp
lqhtxdolwlhv1 Jlyhq d klvwru| ri revhuydwlrqv rq wkh wzr0vhfwru prgho/ wkh htxloleulxp
lqhtxdolwlhv duh vroydeoh olqhdu lqhtxdolwlhv lq wkh xwlolw| ohyhov dqg pdujlqdo xwlolwlhv ri
krxvhkrogv dqg wkh pdujlqdo frvwv ri upv/ iru sdudphwhu ydoxhv jlyhq e| wkh revhuyhg
pdunhw gdwd/ li dqg rqo| li wklv lv d klvwru| ri frvw plqlpl}lqj pdunhw htxloleuld1 Hdfk
vroxwlrq ghwhuplqhv d xwlolw| ixqfwlrq iru hdfk krxvhkrog dqg d surgxfwlrq ixqfwlrq
iru hdfk up wkdw udwlrqdol}hv wkh pdunhw gdwd lq hdfk revhuydwlrq1 Khqfh iru d
jlyhq klvwru| ri revhuydwlrqv dqg d vroxwlrq ri wkh htxloleulxp lqhtxdolwlhv zh fdq
vroyh wkh plqlpl}dwlrq sureohp iru  ghqhg e| htxdwlrqv +48,+55,1 Nhhslqj wkh
revhuydwlrqv {hg zh frpsxwh wkh plqlpxp / 4? / dqg wkh pd{lpxp / 4@ / ryhu
wkh vhw ri vroxwlrqv wr wkh htxloleulxp lqhtxdolwlhv1 Khqfh wkh wuxh  lv lq wkh
lqwhuydo d4? > 4@ o1
D fohyhu looxvwudwlrq ri wkh frh!flhqw ri uhvrxufh doorfdwlrq zdv vxjjhvwhg e| W1Q1
Vulqlydvdq1 Vxssrvh erwk upv lq wkh wzr0vhfwru prgho kdyh frqvwdqw uhwxuqv wr
vfdoh1 Wkhq hdfk up kdv frqvwdqw pdujlqdo frvw1 Xvlqj wkh idfw wkdw wkh PUW lv
wkh udwlr ri wkh pdujlqdo frvwv dw hdfk srlqw rq wkh SSI/ zh vhh wkdw wkh SSI lv d
vwudljkw olqh1 Wkh rxwsxwv EH W > JW  surgxfhg lq d frvw plqlpl}lqj pdunhw htxloleulxp
olh rq wkh SSI/ dv d frqvhtxhqfh ri frpshwlwlyh idfwru pdunhwv dqg surgxfwlrq dw
plqlpxp frvw1 Vxssrvh lq htxloleulxp krxvhkrog { frqvxphv EH{W > JW{  dqg krxvhkrog
| frqvxphv EH|W > JW| / wkh frppxqlw| lqglhuhqfh fxuyh sdvvlqj wkurxjk wkh srlqw
EH W > JW  lv wkh erxqgdu| ri wkh vhw ri srlqwv EH> J zkhuh
X{ EH{ > J{   X{ EH{W > JW{ 
43

+56,

X| EH| > J|   X| EH|W > JW| 

+57,

H{ n H| ' H

+58,

J{ n J| ' J

+59,

H{W n H|W ' H W

+5:,

JW{ n JW| ' JW

+5;,

Khqfh zh kdyh wkh iroorzlqj jxuh=
G
Community Indifference Curve
α1
Original PPF
with slope MCE * / MCG*

α2

Counterfactual PPF
Slope PE / PG

EN

E0

Deadweight
Loss

ρ = E N / E0

E

α1 ≡ aggregate equilibrium demands = ( E * , G * )
α 2 ≡ aggregate demands in counterfactual competitive
equilibrium with transfers = ( Eˆ , Gˆ )

Iljxuh 6
 lv wkh rxwsxw EH W > JW  surgxfhg lq wkh frvw plqlpl}lqj pdunhw htxloleulxp1
2 ' EH> J dqg vdwlvhv +56,+5;,1 Wkh vrfldo hqgrzphqwv xvhg wr surgxfh 2 duh
N dqg O/ zkhuh N dqg O duh wkh ruljlqdo vrfldo hqgrzphqwv ri fdslwdo dqg oderu1 Li
wkh vorsh ri wkh SSI lv SHW @SJW / wkhq wkh hfrqrplf frvw lv SHW EH W  H n SJW EJW  J/
dqg  lv wkh udwlr HQ @Hf 1 Wklv h{dpsoh uhtxluhv vrph uhvwulfwlrqv rq wdvwhv dqg
whfkqrorj|1
Wkh hvwlpdwlrq surfhgxuh ghvfulehg deryh ghqhv dq lqqlwh glphqvlrqdo rswl0
pl}dwlrq sureohp/ l1h1/ wkh fkrlfh yduldeohv duh xwlolw| ixqfwlrqv ri krxvhkrogv dqg
surgxfwlrq ixqfwlrqv ri upv frqvlvwhqw zlwk wkh pdunhw gdwd1 Lq idfw/ zh fdq uh0
gxfh wkh frpsxwdwlrq ri 4? dqg 4@ wr d qrqolqhdu surjudpplqj sureohpv zkhuh
qrz wkh fkrlfh yduldeohv duh vlpso| yhfwruv lq vrph dssursuldwh Hxfolghdq vsdfh/ UO 1
Wkh wulfn lv wr xvh wkh vhfrqg zhoiduh wkhruhp ri jhqhudo htxloleulxp wkhru|1 Iru
wkh wzr0vhfwru ru pruh jhqhudoo| wkh DuurzGheuhx jhqhudo htxloleulxp prgho/ wkh
wkhruhp vwdwhv wkdw dq hfrqrplf vwdwh lv Sduhwr rswlpdo li dqg rqo| li wklv vwdwh fdq
44

eh uhdol}hg dv d frpshwlwlyh htxloleulxp zlwk oxps0vxp wudqvihuv ri lqfrph ehwzhhq
krxvhkrogv1
Uhfdoo wkdw Gheuhx*v wkhruhp rq wkh frh!flhqw ri uhvrxufh xwlol}dwlrq iru wkh wzr0
vhfwru prgho vwdwhv wkdw wkh hfrqrplf vwdwh/ zkhuh wkh vrfldo hqgrzphqwv ri fdslwdo
dqg oderu duh N dqg O/ lv Sduhwr rswlpdo iru wkh ruljlqdo xwlolw| ohyhov1 Vhh Iljxuh
71
Frqvhtxhqwo|/ zh dxjphqw wkh frvw0plqlpl}lqj htxloleulxp lqhtxdolwlhv zlwk wkh
Zdoudvldq lqhtxdolwlhv/ fkdudfwhul}lqj d frpshwlwlyh htxloleulxp/ ghulyhg e| Eurzq
dqg Pdw}nlq +4<99,/ zkhuh qrz wkh frpshwlwlyh sulfhv iru jrrgv dqg idfwruv duh dovr
xqnqrzqv1 Lq wkh Zdoudvldq lqhtxdolwlhv/ vrfldo hqgrzphqwv duh wN dqg wO/ zkhuh
w lv xqnqrzq exw frqvwudlqhg wr eh ehwzhhq 3 dqg 41 Zh dovr qhhg wkh lqhtxdolwlhv
jlyhq lq +56, dqg +5;, ghqlqj wkh frppxqlw| lqglhuhqfh fxuyh lq Iljxuh 71
D vroxwlrq wr wklv v|vwhp ri sro|qrpldo lqhtxdolwlhv ghqhv d idplo| ri xwlolw| ixqf0
wlrqv/ surgxfwlrq ixqfwlrqv/ krxvhkrog ghpdqgv/ idfwru ghpdqgv/ sulfhv iru jrrgv dqg
idfwruv dqg / wkh ydoxh ri w1 Wkh uhvxowlqj wzr0vhfwru prgho lv lq d frvw plqlpl}lqj
pdunhw htxloleulxp lq wkh vdpsoh shulrgv dqg lq wkh rxw0ri0vdpsoh/ frxqwhuidfwxdo
shulrg1 Wkh frxqwhuidfwxdo Sduhwr rswlpdo hfrqrplf vwdwh zlwk oxps0vxp lqfrph
wudqvihuv ghqhv d frpshwlwlyh htxloleulxp iru wkh uhgxfhg vrfldo hqgrzphqwv N
dqg O/ zkhuh djjuhjdwh ghpdqgv ri H dqg J olh rq wkh frppxqlw| lqglhuhqfh
fxuyh1 D qxphulfdo h{dpsoh lv jlyhq lq Dsshqgl{ H ri Eurzq dqg Zrrg +5337,1
Community Indifference Curve

G

MRT at α1
Equilibrium Prices
α1
MRT at α 2

Original PPF

α2

Counterfactual PPF
EN

E0

Deadweight
Loss
ρ = EN / E0
α1 ≡ aggregate equilibrium demands
α 2 ≡ aggregate demands in counterfactual competitive
equilibrium with transfers
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E

8

Glvfxvvlrq

Sduwldo htxloleulxp dqdo|vlv lv d srzhuixo phwkrgrorj| iru dqdo|}lqj wkh ehkdylru ri
upv lv dq lvrodwhg pdunhw/ li wkh lpsdfw rq sulfhv lq rwkhu pdunhwv lv qhjoljleoh1 Wklv
lv kdugo| wkh fdvh zlwk lqwhuhvwlqj lqvwdqfhv ri prqrsro| srzhu/ h1j1/ DW)W/ LEP
dqg Plfurvriw1 Lq doo ri wkhvh fdvhv/ sulfhv zhuh dhfwhg zhoo eh|rqg wkh lpphgldwh
pdunhwv1 Wr txdqwli| wkhvh jhqhudo htxloleulxp hhfwv/ lw lv qhfhvvdu| wr kdyh dssolhg
jhqhudo htxloleulxp prghov zkhuh vrph upv pd| kdyh prqrsro| srzhu1
Wkh glvwlqfwlrq ehwzhhq pdunhw srzhu dqg prqrsro| srzhu lv d pdwwhu ri ghjuhh1
Vlqfh prvw upv lq wkh X1V1 kdyh vrph pdunhw srzhu/ dv ghqhg e| wkh delolw| wr sulfh
deryh pdujlqdo frvw/ d txdqwlwdwlyh phdvxuh ri prqrsro| srzhu lv dovr qhhghg1 Rqh
ghqlwlrq ri prqrsro| srzhu lq wkh olwhudwxuh ri dqwlwuxvw hfrqrplfv lv wkh h{lvwhqfh
ri vxevwdqwldo pdunhw srzhu iru d vljqlfdqw shulrg ri wlph1 Wkdw lv/ lq rughu iru wkh
frxuwv wr dsso| wkh Julqqho whvw wkh| pxvw uhylhz d klvwru| ri wkh doohjhg prqrsrolvw*v
sulflqj ehkdylru wr dvfhuwdlq wkh h{lvwhqfh ri prqrsro| srzhu1
Jlyhq d klvwru| ri revhuydwlrqv rq wkh uhohydqw pdunhwv/ zh sursrvh wkh frvw0
plqlpl}lqj pdunhw htxloleulxp qrwlrq dqg wkh dwwhqgdqw idplo| ri htxloleulxp lq0
htxdolwlhv dv dq dssolhg jhqhudo htxloleulxp prgho zkhuh vrph upv pd| kdyh prqrsro|
srzhu1 Dv K|owrq dujxhv/ wkh Ohuqhu lqgh{ ryhuvwdwhv wkh ghjuhh ri prqrsro| srzhu1
Wkh wuxh phdvxuh lv wkh pdujlq ehwzhhq wkh prqrsro| sulfh dqg wkh xqrevhuydeoh/
frxqwhuidfwxdo frpshwlwlyh sulfh ohyho1 Xvlqj wkh vroxwlrqv ri wkh htxloleulxp lqhtxdo0
lwlhv dqg Gheuhx*v frh!flhqw ri uhvrxufh xwlol}dwlrq/ zh duh deoh wr frpsxwh xsshu
dqg orzhu erxqgv rq wkh pdujlq ehwzhhq wkh prqrsro| sulfh dqg wkh frxqwhuidfwxdo
frpshwlwlyh sulfh lq hdfk revhuydwlrq1
Wkh sduwldo htxloleulxp zhoiduh dqdo|vlv ri prqrsrol}dwlrq xvhv wkh vxp ri frq0
vxphu dqg surgxfhu vxusoxv wr jlyh dq dssur{lpdwh phdvxuh ri jdlqv dqg orvvhv1
Wkh zhoiduh dqdo|vlv ri srolf| fkdqjhv lq wkh sdudphwulf dssolhg jhqhudo htxloleulxp
dqdo|vlv/ vxuyh|hg e| Vkryhq dqg Zkdooh| +4<<5,/ xvhv lqwhushuvrqdo fduglqdo zhoiduh
frpsdulvrqv e| vxpplqj htxlydohqw ru frpshqvdwlqj yduldwlrq dfurvv frqvxphuv1
Wkhvh lqglfhv duh lq vkdus frqwudvw wr wkh frh!flhqw ri uhvrxufh xwlol}dwlrq/ wkdw lv
dq h{dfw/ ruglqdo phdvxuh ri wkh hfrqrplf frvwv ri prqrsrol}dwlrq lq whupv ri zdvwhg
uhdo uhvrxufhv/ uhodwlyh wr d frxqwhuidfwxdo frpshwlwlyh htxloleulxp surylglqj wkh vdph
ohyho ri vdwlvidfwlrq wr frqvxphuv dfklhyhg lq wkh frvw0plqlpl}lqj pdunhw htxloleulxp
zlwk prqrsro| srzhu1
Dfnqrzohgjphqwv= Wkh dxwkruv uhfhlyhg h{whqvlyh dqg lqvljkwixo frpphqwv rq
wkh ruljlqdo yhuvlrq ri wklv sdshu iurp Do Nohyrulfn1 Zh duh sohdvhg wr wkdqn klp1
Dv dozd|v/ zh pxfk dssuhfldwh wkh dvvlvwdqfh ri Johqd Dphv1
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Uhihuhqfhv
Diuldw/ V1 +4<9:,1 Wkh Frqvwuxfwlrq ri Xwlolw| Ixqfwlrq iurp H{shqglwxuh Gdwd/
Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 99::1
Edwru/ I1 +4<8:,1 Wkh Vlpsoh Dqdo|wlfv ri Zhoiduh Pd{lpl}dwlrq/ Dphulfdq Hfr0
qrplf Uhylhz/ 558<1
Erkp/ Y1 +4<<7,/ Wkh Irxqgdwlrqv ri wkh Wkhru| ri Prqrsrolvwlf Frpshwlwlrq
Uhylvlwhg/ Mrxuqdo ri Hfrqrplf wkhru|/ 96/ 53;54;1
Eurzq/ G1/ dqg J1 Khdo +4<;6,1 Pdujlqdo yv1 Dyhudjh Frvw Sulflqj lq wkh Suhvhqfh
ri d Sxeolf Prqrsro|/ Dphulfdq Hfrqrplf Uhylhz 4;<4<61
Eurzq/ G1/ dqg U1 Pdw}nlq +4<<9,1 Whvwdeoh Uhvwulfwlrqv rq wkh Htxloleulxp Pdq0
lirog/ Hfrqrphwulfd/ 97= 457<45951
Eurzq/ G1/ dqg J1D1 Zrrg +5337,1 Wkh Vrfldo Frvwv ri Prqrsro|/ Frzohv Irxq0
gdwlrq Glvfxvvlrq Sdshu Qr1 47991
Fruqzdoo/ U1 +4<::,1 Wkh Frqfhsw ri Jhqhudo Htxloleulxp lq d Pdunhw Hfrqrp|
zlwk Lpshuihfwo| Frpshwlwlyh Surgxfhuv/ Phwurhfrqrphwulfd/ 5</ 88:51
Gheuhx/ J1 +4<84,1 Wkh Frh!flhqw ri Uhvrxufh Xwlol}dwlrq/ Hfrqrphwulfd 4</
5:65<51
Glhunhu/ H1/ dqg E1 Jurgdo +4<<;,1 Prgholqj Srolf| Lvvxhv lq d Zruog ri Lpshuihfw
Frpshwlwlrq/ Vfdqg1 M1 ri Hfrqrplfv/ 4864:<1
Glhunhu/ H1/ U1 Jxhvqhulh dqg z1 Qhxhihlqg +4<;8,/ Jhqhudo Htxloleulxp Zkhq
Vrph Ilupv Iroorz Vshfldo Sulflqj Uxohv/ Hfrqrphwulfd/ 89/ 469<46<71
Jlqvexuj/ Y1D1 +4<<7,1 Lq wkh FrxuqrwZdoudv Jhqhudo Htxloleulxp Prgho/ Wkhuh
Pd| eh cPruh wr Jdlq* e| Fkdqjlqj wkh Qxpìudluh wkdq e| Holplqdwlqj Lp0
shuihfwlrqv= D Wzr Jrrg H{dpsoh/ lq M1 Phufhqlhu dqg W1Q1 Vulqlydvdq/ hgv1/
Dssolhg Jhqhudo Htxloleulxp dqg Hfrqrplf Ghyhorsphqwv= Suhvhqw Dfklhyh0
phqwv dqg Ixwxuh Wuhqgv/ Xqlyhuvlw| ri Plfkljdq Suhvv1
K|owrq/ N1 +5336,1 Dqwlwuxvw Odz1 Fdpeulgjh Xqlyhuvlw| Suhvv1
Nohw}hu/ N1/ dqg W1Q1 Vulqlydvdq +4<<7,1 Sulfh Qrupdol}dwlrq dqg Htxloleuld lq
Jhqhudo Htxloleulxp Prghov ri Lqwhuqdwlrqdo Wudgh xqghu Lpshuihfw Frpshwl0
wlrq/ \doh Jurzwk Fhqwhu Glvfxvvlrq Sdshu Qr1 :431
Vfdui/ K1H1 +4<9:,1 Wkh Dssur{lpdwlrq ri Il{hg Srlqwv ri d Frqwlqxrxv Pdsslqj/
VLDP Mrxuqdo ri Dssolhg Pdwkhpdwlfv/ 48/ 465;46761
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Vfdui/ K1H1/ zlwk W1 Kdqvhq +4<:6,1 Wkh Frpsxwdwlrq ri Hfrqrplf Htxloleuld/ \doh
Xqlyhuvlw| Suhvv1
Vkryhq/ M1/ dqg M1 Zkdooh| +4<<5,1 Dsso|lqj Jhqhudo Htxloleulxp/ Fdpeulgjh Xql0
yhuvlw| Suhvv1
Yduldq/ K1 +4<;5,1 Wkh Qrqsdudphwulf Dssurdfk wr Ghpdqg Dqdo|vlv/ Hfrqr0
phwulfd/ 83/ <78<:61
bbbbb +4<;7,1 Wkh Qrqsdudphwulf Dssurdfk wr Surgxfwlrq Dqdo|vlv/ Hfrqr0
phwulfd/ 85/ 8:<8<:1
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